This study assesses the likely health risks to human contamination of heavy metals from fish consumption. The analysis of the idea of fish destination and status (fishing area) for heavy metals was determined by the assessment of its risk limits (daily intake of metal and health risk index). Variations in the accumulation of heavy metals concentrations were between various tissues/organs (skin, muscle, gills, liver, intestine, kidneys, brain, and bones) across the batches of two fishing origins. Post hoc (Duncan) multicomparison shows that there are significant differences ( < 0.05) across batches. The concentrations of heavy metals analyzed, in the investigated tissues of Scomber scombrus, showed higher levels of heavy metals accumulations in the order: Fe > Hg > Pb > Cd > Ni and were above the recommended safety limits outlined by FAO/WHO. However, the consumer's health risk with the consumption of fish muscles tissues shows that there are greater tendencies for cadmium, lead, and mercury exposure. Also consumption of Scomber scombrus species above the recommended daily intake (stated in this study) might lead to ingestion of heavy metals at unacceptable concentrations.
Introduction
Fish is a member of paraphyletic group of organisms consisting of gills bearing aquatic craniate animals that lack limbs and digits. They include the living hagfish, lampreys, and cartilaginous and bony fish, as well as various extinct related groups. Fish are abundant in most water bodies and as such this implied that they can be found in all aquatic environments, from high mountain streams to the abyssal deepest oceans. Fish exhibit greater diversity than any other class of vertebrates and consist of about 32800 species [1] . Fish are important resource for humans, especially as food, and commercial subsistence and have had a role in the culture through the ages, serving as deities, religious symbols, and the subjects of art, books, and movies. The use of fish by human was found since the advent of mankind and it was largely use as a source of food [2] . Fishing for food is an ancient practice that dates back to the beginning of the Paleolithic period, about 40,000 years ago [2] . Fishing has become an important part of human life such that the demand has led to involvement of both wild capture and aquaculture fisheries. However, the world is geared towards improvement of fish farming (aquaculture), although the wild capture fishing was still the leading sector that provides livelihoods and income for millions of people around the world [3] .
Scomber scombrus fish species is a member of the large carangid family, which forms schooling species that resides close to the sea floor [4] . Heavy metal pollutants of water have become a major environmental concern, almost since the advent of agricultural and industrial revolution [5] . The threat of toxic metals in the environment was more serious, due to their nonbiodegradable nature and their long biological half-lives when accumulated [6] . They are difficult to read out completely from the environment once they entered [7] .
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Many of these metals tend to remain in the ecosystem and eventually move from one compartment to the other posing a treat within the food chain [8] . Fish are often representing the apex of food chain and hence are widely used to evaluate the health of ecosystem [9] . Fish bio-accumulate some metals in various tissues from their surrounding water and these can lead to death in the aquatic systems and humans [10, 11] . In contrast, heavy metals tend to accumulate in the marine ecosystems by natural processes and tend to accumulate in fish tissues, subsequently transferred to higher trophic levels via food chain. Fish as the apex of food chain once affected the entire food chain would also be at high risk [9] .
In Nigeria, there are limited reports on heavy metals safety assessment in imported frozen Scomber scombrus species. Several studies show that wild captured marine fish bio-accumulate heavy metals to a greater extent that can cause health consequences [12] [13] [14] [15] [16] [17] . With the observed growth in fish consumption and low level of consumer safety control on imported frozen fish, across the country, this study investigated the risk of heavy metals in imported Scomber scombrus species against possible health hazards. Moreover, the objectives include determining the variation in the heavy metals accumulation in various fish tissues, the variation in the production batches, the impact of heavy metals pollutants on two major fishing zones (area), and the populations/individual health risk assessment with respect to recommendation of fish for daily intake.
Experimental
2.1. Quality Assurance. The reagents used in this work were of chemical grades from Sigma Company. Deionized water was used throughout the experimentation except otherwise was indicated. Dissecting surgical blades, plastic containers, and trays were washed with distilled water. Glass wares were soaked in 10% HNO 3 for 24 hours and rinsed with distilled water. All samples were digested along with the blanks in a clean laboratory environment. Quantification of metallic content of the digested samples and the blanks was carried out with the aid of Varian AA240 Fast Sequential Flame Atomic Absorption Spectrophotometer (AAS) and vapor generation accessory (Varian VGA 77) with closed end cell was used for Hg determination in Multi-User Science Research Laboratory (MSRL), Ahmadu Bello University, Zaria. In the absence of reference standard materials, the nitrate salts of the metals were used to prepare multielement standard solution (MESS) for spiking recoveries in the validation of digestion method. The analyzed samples were spiked and run in AAS again and the concentrations of the metal contents were determined from the calibration curve. The amounts of spiked metals recovered were used to calculate the percentage recoveries ( %) as follows:
where 1 is the spiked sample result, 2 is the un-spiked sample result, and 3 is the concentration of the MESS. Method validation by conducting limit of detection (LOD), limit of quantification (LOQ), and precision relative standard deviation (RSD ) for repeatability within laboratory was also evaluated considering the six levels of standard solutions ( = 6) with concentration values ranging between 0.1 and 2.50 mg⋅kg −1 which were prepared. Determination of metals concentrations was carried out in triplicate per sample of fish tissues. Dilution factors of the collected data were corrected by calculations and the values were presented in the units of mg⋅kg −1 . The authors determined LOD, LOQ, and RSD % based on the standard deviation of the blanks as follows:
where blank is the mean of the blank aqueous solution and blank is the blank standard deviation.
Fish Collection.
Fish were collected from twelve (12) batches of Scomber scombrus species. Fish identity (noted on the carton leaflet) considered batches 1-6 were obtained from Russian fishing origins (RS) and batches 7-12 were from European fishing origins (EU). They were purchased from frozen fish market at Sabon-Gari, Zaria metropolis, Nigeria, and the samples were labeled, transported to the laboratory in clean polythene bags, and stored in refrigerator (0 ∘ C) prior to experiment. Fish destination and some other general information were obtained from the cartons information leaflets. Since the cartons net weight was found to be less than 50 kg, the incremental number of fish drown carton was based on the method recommended by FAO [18] . Thereby, three (3) incremental fish were drawn and composites from each batch of the carton, because some organs are tiny.
Fish Pretreatment and Dissection.
Frozen fish samples were thawed, washed with distilled water, and then allowed to attain room temperature in desiccators before dissection. The skin and muscle were removed following Tru-cut method by Baker et al. [19] : scute skin was removed from the dorsal region on the first side of the fish sterilized notched needle. The outer barrel was inserted into the fish muscle tissue at an oblique angle (to minimize penetration depth). Notched needle was then extended into the flesh and the containment cover was slide over to cut the tissue and placed in a labeled plastic Petri dish. However, at the other side, the skin was cut off firmly making sure that no part of the muscle was attached and placed in its labeled drying dish.
Dissecting of gills, liver, intestine, kidney, brain, and bone tissues was based on the modified NIVA method by Rosseland et al. [20] . Dissections were done on plane plastic tray to separate sample organs. The operculum gill cover was lift up and cut to expose the entire gill arch, filament, and the rake and sampled out. The abdominal wall was cut through the tail where the bile bladder was removed from the liver and then pooled liver was also freed onto the abdominal wall and cut out. The whole intestine was cut out and placed into its drying container. The roof of the head was cut horizontally Advances in Toxicology 3 from the nostrils through the end of the skull in order to expose the brain and fetch out and cut accordingly. Vertebrae bones were defleshed and cut out entirely from the head to the tail. The organs were dried to constant weight at 80 ∘ C on plastic Petri dish and cooled in desiccators and powdered in porcelain mortar and pestle.
Digestion.
The digestion of the sample organs were based on the microwave-assisted wet digestion method as described by Taghipour and Aziz [21] : 1 g dry weight samples organs were placed in polytetrafluoroethylene (PTFE) tube for microwave. Digestion reagents (mixtures of 6 mL ultrapure nitric acid, 65%, and 2 mL hydrogen peroxide, 35%) were added and placed in a microwave oven (with model number MW028A-MG720). The heating took place for 2 minutes and then cooled to temperature of 25 ∘ C. The cleared solution was also diluted with deionized water to 50 mL for skin, muscle, gills, liver, intestine, kidney, brain, and liver. In contrast to the original method by Taghipour and Aziz [21] , modification was made based on the adjustment of heating duration in microwave oven. In their work they used 20-minute period of digestion, but in this work, attempting to digest fish tissues samples beyond 2 minutes led the sample inside polytetrafluoroethylene (PTFE) tube to burn leaving behind carbon residue. Hence, our modification of this method came in digestion duration (2 min instead of 20 min).
Risk Assessment
Risk assessment in this study was evaluated by considering only the edible part (muscles tissues) to determine daily intake of metal (DIM) and health risk index (HRI) according to methods by Khan et al. [22] and Okunola et al. [23] .
Daily Intake of Metals (DIM).
The daily intake of metals (DIM) was calculated to estimate the daily loading of metals into the body system (via the consumption of fish meal specified in this study) of a specified body weight of a consumer. This would entail the relative bioavailability of the studied metals in this study. The daily intake of metals (DIM) was determined by the following:
where metal is the concentration of heavy metals in the fish (mg⋅kg −1 ), fish is the daily nutritional intake of fish (mg⋅day −1 ), and factor is the factor for conversion of fresh fish to dry constant weight. For Scomber scombrus species in this study, factor was considered 0.3650 as computed by the equations below [24] . In this study, the daily intake of fish for nutritional requirement was 100 g for adults with average body weight of 70 kg (age range from 18 years and above), 80 g intake rate for children with average body weight of 48 kg (age range 6-18 years), and 60 g intake rate for children with average body weight of 19 kg (age range 6 years and below), recommending using the method by Portier et al. [25] as cited in USEPA [26] as follows:
where IR dw is the dry weight intake rate, IR ww is the wet weight intake rate, and is the percent of water content in the raw muscles (in this study was 63.50%).
Health Risk Index (HRI).
The health risk index (HRI) for the populations through the consumption of contaminated fish was assessed based on the daily intake of metals (DIM) relative to reference oral dose (R f D) for each metal. This is an index justifying individual's risk of heavy metals. The HRI value of less than one (1) implies safe tread and is considered acceptable; otherwise, the fish may pose heavy metals risk. The following formula was used for the calculation of HRI:
Statistical Analysis.
The data were expressed as the metal concentration in the tissues across the batches of the two fishing origins (RS and EU), with the means and standard deviation. To show whether there is significant difference between the batches, ANOVA was used followed by post hoc (Duncan) analysis. Pearson correlation ( ) was used to establish the degree of relationship among the tissues based on the analyzed metals across the fishing origins, using a statistical software package (IBM SPSS version 20). Table 1 , the results of validation parameters for the analytical procedures including recoveries of the spiked fish tissues obtained for the investigated metals (Cd, Pb, Hg, Fe, and Cd) were varied between the ranges of 93.60% to 118.70%. Acceptable recoveries were obtained in all cases, which show that the digestion method used for fish samples tissues and the AAS analysis was reliable. Also, comparison of the recoveries data in this study showed that the values are within the range of 90-120% and these were in compliance with the Standard Operating Procedure (SOP) [26] , Commission Decision [27] , and European Commission Regulation [28] . The evaluated results for limit of detection (LOD), limit of quantification (LOQ), and the precision relative standard deviation (RSD ) within laboratory repeatability validate the methods of experimental analysis used. The results in Table 1 with respect to the entire metals show the LOD values of specification of not more than one tenth and for LOQ values of not more than one fifth as specified by the USEPA regulation [26] .
Results and Discussion

Quality Assurance. As shown in
Metal Concentrations.
The statistical analysis of heavy metals, cadmium, lead, mercury, iron, and nickel (Cd, Pb, Hg, Fe, and Ni), concentrations (mg⋅kg −1 ) in the tissues/organs (skin, muscle, gills, liver, intestine, kidneys, brain, and bones) of Scomber scombrus across two major fishing origins including the mean and standard deviation is summarized in Table 2 . Analysis of variation between the fish samples collected from the two fishing zones, Russia (RS) and Europe (EU), and the sample batches within the same zone showed significant differences ( < 0.05).
Cadmium Concentrations.
The results of cadmium mean concentrations in Table 2 show that the concentrations recorded in tissues of RS fish species ranged between 2.133 mg⋅kg −1 and 19.758 mg⋅kg −1 as shown for the skin and liver tissues, respectively. However, mean concentrations in the tissues of EU fish species ranged between 1.125 mg⋅kg −1 and 10.658 mg⋅kg −1 as shown for the gills and liver tissues, respectively. Statistical significant differences ( < 0.05) were established among the batches of both RS and EU tissues. In the batches of RS tissues, the significant differences ( < 0.05) were shown with the batches of skin and muscles tissues, whereas in the EU tissues, significant differences were shown with the batches of bones tissues only. The significant difference shown in the RS (skin and muscles) and EU (bones) tissues between batches implies that the cadmium contaminations were due to impacts from different sources. However, most of these tissues (with respect to both RS and EU fish species) showed nonsignificant differences across their batches and hence this gives an indication that the sources of cadmium are contaminated from similar sources.
The highest cadmium accumulations shown with both RS and EU species were found in batches of livers tissues, 19.758 mg⋅kg −1 and 10.658 mg⋅kg −1 , respectively. This high level of cadmium shown in the liver tissues was in compliance with the reports found in many fish species. Storelli et al. [29] showed that 19.81 mg⋅kg −1 was found in the liver tissues of Sphyrna zygaena species and Bashir et al. [12] showed that 13.35 mg⋅kg −1 was in the liver tissues of A. thalassinus species samples collected from Mersing region.
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From the literature of fish studies, several reports were found in coinciding sequence that shows that high levela of cadmium are usually accumulated in the liver tissues [30] [31] [32] . In this study, the comparison of cadmium accumulations in the liver of Scomber scombrus from different fishing origins presented greater differences in concentration. Meanwhile, RS fish origins presented the highest level of cadmium in the liver, which indicates that RS fishing zone was rich in sources of cadmium contamination.
The higher levels of the cadmium shown in the liver relative to other tissues may be attributed to the high coordination of metallothionein protein with the cadmium [30] . In addition, the liver is the principal organ responsible for the detoxification, transportation, and storage of toxic substances [30] . It is an active site of pathological effects induced by contamination [30] . The relatively liver tissue that acts as the major storage organ of cadmium was reported in different species of fish studied in the Mediterranean Sea and northeast the Mediterranean Sea [33, 34] . However, the concentrations of cadmium shown in the intestine and kidneys tissues, irrespective of any batch, were higher than the results obtained for skin, gills, brain, and bones. This is because of their responsible roles in the process of absorption, storage, and excretion of ingested feed by the fish. This also entails that cadmium is stored in a state of binding form in the digestive tissues. Fish studies also show that absorption of cadmium from the gills or gastrointestinal tract mainly accumulates in the liver and kidneys [35, 36] . Furthermore, the mean concentrations of cadmium shown with the entire tissues across the batches of both fishing zones were more pronounced and were above the safety limit specified by FAO [18] . This implies that both natural and anthropogenic activities such as seasonal changes, volcanic eruptions, different oceanic surge, and industrials discharge must have played a role in variations in the accumulation of cadmium across the batches with respect to both fishing zones. Table 2 shows that the lead mean concentrations in tissues of RS fish origins ranged between 15.133 mg⋅kg −1 and 17.558 mg⋅kg −1 as shown for the muscles and kidneys tissues, respectively, while mean concentrations of lead in the tissues of EU fish species ranged between 3.950 mg⋅kg −1 and 8.725 mg⋅kg −1 as shown for bones and kidneys tissues, respectively. Statistical analysis showed that nonsignificant differences ( < 0.05) were established with the entire batches of both RS and EU tissues. The statistical results with respect to both RS and EU tissues show that nonsignificant differences are recorded with the entire batches and hence, these implied that the source of lead contaminations across the batches was highly homogeneous.
Lead Concentrations. The results in
Accumulation of lead (with respect to both RS and EU fish species) was highly shown in the kidney tissues with concentrations of 17.558 mg⋅kg −1 and 8.725 mg⋅kg −1 as shown for RS and EU fish species, respectively. In comparison, RS fish species shows high level of lead accumulation in the kidneys than the corresponding EU fish species. Therefore, this indicates that RS fishing origin is highly contaminated with lead from different sources than corresponding EU fishing origin. The high levels of lead shown in the kidneys may be attributed to the high coordination of lead with the metallothionein protein present. Kidney is an organ next to the liver that plays a vital role in the process of digestion. Detoxifications of metals by the liver tissues mostly get accumulated in the kidneys [37] . Higher concentrations of lead are shown in the kidneys than in the liver tissues of RS fish which indicates that liver undergoes more detoxification process and in turns gets accumulated in the kidneys. This fact was in accordance with the study reported by Sahar et al. [38] . However, the muscles and bones tissues of both RS and EU fish were shown to accumulate least in lead concentrations. This result was in agreement with the studies by many authors, who reported that inactive tissues such as muscles and bones of fish cannot accumulate in heavy metals to such an extent that can reflect the metal concentration of the surrounding habitat [39] [40] [41] . The fact is that ingestion of lead and other metals takes place via eating by mouth and absorption through gills or skin. The entry through the ingestion path, flows to the intestine, then absorbed, processed and distributes by the liver and exit through kidneys. These parts are referred to as target active organs where bioaccumulation of lead can take place in the presence of mucus and metallothionein protein [42] .
Lead is classified among the most toxic heavy metals which have no known biochemical benefits to animals and humans [43] . Lead continues to pose a serious threat to the health of many children as well as adults. Lead is capable of inducing oxidative damage to brain, heart, kidneys, and reproductive organs [44] . The mechanisms for lead-induced oxidative stress include the effects of lead on membranes, DNA, and antioxidant defense systems of cells [45] . Recent epidemiological and toxicological studies have reported that lead exposure causes several diseases including hypertension, kidney disease, neurodegenerative disease, and cognitive impairment. Scomber scombrus species generally shows some affinity for lead accumulation in all the analyzed tissues. The average mean concentrations of lead shown in all the tissues were found to exceed the safety limits recommended by FAO [18] . This was also found to be far above the concentrations reported by other studies in the Mediterranean Sea on fish tissues [34, 46, 47] . [48] . Mieiro et al. [49] show that fish brain serves as the major critical target of mercury in the environmentally exposed fish. Mercury gets into the fish through ingestion or absorption via skin or gills from the surrounding water. Fish ingest contaminated mercuric food, flown through gastrointestinal tract, absorbed and gets distributed, accumulated or detoxified by the liver [50] . The revealed high concentrations of mercury shown in the gills of EU fish were due to direct exposure between the gills tissues and the surround water body. However, high level of mercury is shown with the entire tissues of fish from both RS and EU origins.
Mercury Concentration.
Excessive exposure to mercury is associated with a wide spectrum of adverse health effects including damage to the central nervous system (neurotoxicity) and the kidney of fish [3] . Hence, the accumulation levels of mercury shown in all the tissues was more pronounced and hence was above the concentrations reported by related studies on other fish species [51, 52] . It was also found to exceed the recommended safety limit stated by FAO [18] . Furthermore, homogeneous contaminations of mercury shown with the entire tissues with respect to both RS and EU fish, suggested that the source contaminations was due to contaminations from both natural and anthropogenic activities. Natural occurrences were exhibited by spontaneous emission of the source contaminants as it does with volcanic eruption, oceanic surge, weathering/erosion, meteor deposition, and so forth, while daily lodgment of industrial, agricultural, and domestic human activities also contributes to the mercury bioavailability. and 225.25 mg⋅kg −1 as shown in the skin and gills tissues, respectively. The results of statistical analysis show that nonsignificant differences ( < 0.05) were shown across the entire batches for both RS and EU fish species. The frequent nonsignificant differences established in these batches of each of the fishing zones were due to homogeneity in the source of iron contaminations. This implied that there is spontaneous leaching of iron from the source contamination which may lead to the impact of high iron concentration across the entire batches.
Iron Concentrations.
With regard to both RS and EU fish species, showed Liza abu recoded as 200.86 mg⋅kg −1 in the liver tissues, and Bashir et al. [55] showed A. thalassinus and P. Anea recorded as 1007.1 mg⋅kg −1 and 1975.0 mg⋅kg −1 in the liver tissues, respectively. Liver as the principal organ for storage also stores iron to a certain higher level in Scomber scombrus. The higher level of the iron in the liver relative to other tissues may be attributed to the high coordination of iron with metallothionein protein [30] . Kumar and Mukherjee [56] and Mieiro et al. [13] found in coinciding sequences that liver tissues accumulate in iron more than as they do in any other tissues. The proclaimed of the results shows that, the high level of iron shown in the liver tissues may be related to the large volume of blood present in it which was not accounted for in this study. However, for EU tissues, gills were found to accumulate in high levels of iron and the results were nearly similar to the reports by Bashir et al. [55] who showed that A. thalassinus and P. anea recorded as 538.6 mg⋅kg −1 and 299.5 mg⋅kg −1 in their gills tissues, respectively. The high concentration of iron shown in the gills tissues can be related due to its direct contact with the water body and as a result, this would fairly entail the level of iron present in the surrounding water body where the fish lives. However, fish from both fishing origins show considerable levels of iron accumulated in the kidneys and intestine than the skin, brain, and bones. The lowest level of iron shown in the skin, brain, and bones was due to the fact that they are not active tissues. Generally, the level of iron shown with the entire tissues of both RS and EU fish origins were higher than the safety limits recommended by FAO/WHO [57] . Literature on iron interactions in biological tissues has reported that excess amount of iron causes rapid increase in pulse rate and coagulation of blood in blood vessels, hypertension, and drowsiness as cited in FAO [3] . Iron is an essential source for most forms of life. In humans, iron is an essential component of proteins involved in oxygen transported from the lungs to the tissues [3] . Table 2 show that mean concentrations in the tissues of RS fish species ranged between 6.042 mg⋅kg −1 and 7.017 mg⋅kg −1 as shown for the muscles and kidneys tissues, respectively, whereas the concentrations ranged between 8.108 mg⋅kg −1 and 9.067 mg⋅kg −1 as shown in the liver and gills tissues of EU fish species. The statistical analysis of variation shows that nonsignificant differences ( < 0.05) were recorded across the entire batches of both RS and EU fish origins. Since the tissues with respect to both RS and EU fish species show similarities of nickel uptakes across the entire tissues, contaminations were a result of similar sources. This implies that there is spontaneous leaching of nickel from the source contaminations which has impact across the entire batches of both origins.
Nickel Concentrations. Nickel results in
Kidney tissues of RS fish species (Table 2) show high level of nickel accumulation with a concentration of 7.017 mg⋅kg −1 . Kidney is regarded as the major gateway for heavy metal detoxification in the body of fish apart from nitrogenous waste excretion, while the low levels of nickel shown in muscle tissues of RS fish species observed in this study coincide with the findings of trace metals bioaccumulation Advances in Toxicology 7 in several fish species by Israa et al. [58] , Han et al. [59] , and Erhan et al. [54] . In contrast, gills of EU tissues show high levels of nickel accumulations. Generally, the gills perform the function of respiration which is directly in contact with the metals present in the surrounding water and thus concentrations of heavy metals in gills reflect the concentration of metals in the water where the fish lives [30] . However, liver tissues with respect to EU fish species show low level of nickel accumulation and this gives an unusual report in the literature of nickel in fish. Hence, high nickel detoxification by the liver may in turns accumulations in the kidneys. Also level of nickel shown in the brain and bones was less pronounced, compared to the other tissues and this would be a result of low nickel mobility. However, the concentrations of nickel shown with the entire tissues with regard to both fishing zones were above the concentrations studied by many authors on marine fish ( [60] [61] [62] [63] ) and also the concentrations were above the safety limits recommended by WHO [64] .
The profile of studied heavy metals, Cd, Pb, Hg, Fe, and Ni, in the analyzed tissues of Scomber scombrus species with respect to both fishing origins was summarized in the trends of accumulation pattern in this order: Fe > Hg > Pb > Ni > Cd. Iron concentrations across the entire tissues were extremely higher, compared to the concentrations of the other analyzed metals. The prevailed levels of iron can be related to contributions from both natural and anthropogenic activities that have impacts on the water body where these fish are brought. Natural activities such as meteor rays deposition are an example of frequent occurrence in the Mediterranean and Russian ocean that can contribute to level of iron concentrations. Iron is an essential trace element required by all forms of life. The effects of high doses of iron in animal studies are characterized by initial depression, coma, convulsion, respiratory failure, and cardiac arrest [65] . Postmortem examination reveals that excess iron intake is associated with adverse effects on the gastrointestinal track, which may lead to siderosis (deposition of iron in tissue), in liver, pancreas, adrenals, thyroid, pituitary, and heart [66] . These are characterized by initial depression, coma, convulsion, respiratory failure, and cardiac arrest [65] . Mercury is the second metal that was shown to accumulate highly in the tissues of Scomber scombrus. Mercury, as a nonessential element, is not expected to have its uptake/elimination actively regulated and subsequently its tissue concentrations can vary in a wide range, reflecting exposure to environmental levels and feeding behavior [67] . Hence, mercury body burdens in bioindicator species provide sensitive indications of aquatic pollution as well as the potential impact on human health [68] . However, the metal distribution within the body depends on both the fish species and the metal's properties [69] . The concentrations of lead and cadmium were also highly accumulated in the fish tissues. Nickel is the metal that showed the least accumulation among the others. Excess nickel exposures were associated with lung and nasal cancers [70] . Levels of heavy metals in the tissues of Scomber scombrus species were studied and found to be highly accumulated.
This implies that natural and anthropogenic human activities were essentially high in the destinations where this fish are brought. Occurrences nearby water bodies such as volcanoes, deposition of meteor rays, weathering, and erosion, as well as human activities, such as industrial, agricultural, domestic, mining, testing of hazardous substances from military facilities, vessels spills, chemical destruction in Mediterranean seas, oceanic surge, and so forth, may render high concentration of these heavy metals in the water body. Hence, in the later time these metals may accumulate in the aquatic life and in turn end up in human systems as hazardous substances. In general, the levels of the investigated metals were found to be highly above the safety limits recommended by FAO [18] , irrespective of the batch and fishing area.
Risk Assessment.
The risk assessment of heavy metals, Cd, Pb, Hg, Fe, and Ni, concentrations (mg⋅kg −1 ) in the muscle tissues of Scomber scombrus were carried out across the batches of both RS and EU fish origins; including ranges, average means, standard deviations, individuals variations (first category for adult of age 19 years, and above, second category for children of age 7-18 years and the last category for children of age 1-6 years), daily intake of metal (DIM) and health risk index (HRI) are summarized in Table 3 .
The mean concentration of cadmium in the muscles tissues of Scomber scombrus species across twelve (12) batches (of both RS and EU fishing zones) was given as 2.284 mg⋅kg −1 . The assessments of individual's variation were based on the average body weight relative to ranges of age groups. The DIM results for individual's daily loading of cadmium were recorded with the values given as 1.162 × 10 −3 , 1.482 × 10 −3 , and 2.633 × 10 −3 mg⋅kg −1 . These correspond to HRI ratio of greater than one (1) as shown for each of the individual's categories. The results also justify that individuals from any of the categories would be exposed to high dose of cadmium with the consumption of fish muscles based on equal or above the recommended daily intake values as specified in this study.
The mean concentration of lead in the muscles tissues of Scomber scombrus across twelve (12) batches was given as 11.188 mg⋅kg −1 . The results of DIM show individual's daily loading of lead given as 5.833 × 10 −3 , 7.559 × 10 −3 , and 1.289 × 10 −2 mg⋅kg −1 . This corresponds to HRI with the ratio of values of greater than one (1), as shown with the entire categories. These results also indicate that the categories of the entire individuals would be exposed to the hazard of lead metals with the consumption of Scomber scombrus fish muscles based on the amount recommended for daily intake as specified in this study.
The mean concentration of mercury was found to be 74.546 mg⋅kg amount for daily intake as specified in this study would be exposed to the hazard of mercury.
The mean concentration of iron in the muscles tissues of Scomber scombrus across the twelve (12) batches was given as 16.663 mg⋅kg −1 . The results of DIM recorded for individuals daily loading of iron were given as 8.689 × 10 −3 , 1.081 × 10 −2 , and 1.921 × 10 −2 mg⋅kg −1 . These also correspond to HRI with values of less than one (1) as shown with each of the categories. However, the entire individual's population would not be exposed to high level of iron with the consumption of fish muscles based on the recommended daily intake as described in this study; otherwise, individuals would benefit from iron supplement.
The mean concentration of nickel in the muscles tissues of Scomber scombrus across twelve (12) batches was given as 7.492 mg⋅kg −1 . The results of DIM recorded for individuals daily loading of nickel were given as 3.906 × 10 −3 , 4.861 × 10 −3 , and 8.636 × 10 −3 mg⋅kg −1 . These correspond to HRI in which each of the categories shows a value of less than one (1). Hence, this indicates that individuals belonging to any categories would not be exposed to high dose of nickel.
In summary, the results obtained based on the analysis of daily intake of metal (DIM) and health risk index (HRI) as presented in Table 3 show that the population of fish consumers in Zaria metropolis would be exposed to high loading dose of heavy metals: cadmium, lead, and mercury, at all levels with the consumption of Scomber scombrus species, while the levels of trace metals iron and nickel were still within acceptable limits.
Conclusion
The health status of humans with respect to contamination by heavy metals (Cd, Pb, Hg, Fe, and Ni) in the imported frozen Scomber scombrus fish sold in Zaria metropolis was evaluated in this study. Based on the analysis obtained, there is significant risk of human exposure of heavy metals regarding consumption of Scomber scombrus species obtained from RS and EU fishing origins. Also, the risks from consumption of any fish tissues were very high, since the levels of heavy metals analyzed in the entire tissues were above their corresponding permissible limits recommended by FAO/WHO [18] , CCFAC [57] , and WHO [64] . However, individuals consuming fish livers may face considerable risk from ingestion of toxic metals at unacceptable concentrations. Since such hazards would be the case, it is recommended to improve aquaculturefishing practice across the country that will eliminate the risk of contaminations. Basically aquaculture practice can give rise to hazard control upon fish habitat, assessing and making the food free from contaminations. Finally, this work may provide valuable database for continuing research on the import of frozen fish in Nigeria.
